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 23 
Abstract Exposure to hot environments affects milk yield (MY) and milk composition of pasture and feed-pad 24 
fed dairy cows in sub-tropical regions. This study was undertaken during summer to compare MY and 25 
physiology of cows exposed to 6 heat load management treatments. Seventy-eight Holstein-Friesian cows were 26 
blocked by season of calving, parity, milk yield, BW, and milk protein (%) and milk fat (%) measured in the 2 27 
wks prior to the start of the study. Within blocks, cows were randomly allocated to one of the following 28 
treatments: Open-sided iron roofed day pen adjacent to dairy (CID) + sprinklers (SP); CID only; Non-shaded 29 
pen adjacent to dairy + SP (NSD+SP); Open–sided shade cloth roofed day pen adjacent to dairy (SCD); NSD + 30 
sprinkler (sprinkler on for 45 min at 1100 h if mean respiration rate > 80 breaths per minute (NSD+WSP)); 31 
Open-sided shade cloth roofed structure over feed bunk in paddock + 1 km walk to and from the dairy 32 
(SCP+WLK). Sprinklers for CID+SP and NSD+SP cycled 2 min on, 12 min off when ambient temperature > 33 
26oC. The highest milk yields were in the CID+SP and CID treatments (23.9 L·cow-1·day-1), intermediate for 34 
NSD+SP, SCD and SCP+WLK (22.4 L·cow-1·day-1), and lowest for NSD+WSP (21.3 L·cow-1·day-1) (P < 35 
0.05). The highest (P < 0.05) feed intakes occurred in the CID+SP and CID treatments while intake was lowest 36 
(P < 0.05) for NSD+WSP and SCP+WLK. Weather data were collected on site at 10 min intervals, and from 37 
these THI was calculated. Nonlinear regression modelling of MY × THI and heat load management treatment 38 
demonstrated that cows in CID+SP showed no decline in MY out to a THI break point value of 83.2, whereas 39 
the pooled MY of the other treatments declined when THI > 80.7. A combination of iron roof shade plus water 40 
sprinkling throughout the day provided the most effective control of heat load.  41 
 42 
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 45 
Introduction 46 
High ambient temperature and humidity in sub-tropical and tropical regions have a negative impact on milk 47 
production, milk composition and reproductive performance of dairy cows, with this impact being greater in 48 
higher producing herds (Davison et al. 1988; Mayer et al. 1999; Morton et al. 2007). Similar effects have been 49 
demonstrated in the warmer areas of the USA (Johnson et al. 1962; Berry et al. 1964; Ingraham et al. 1974; 50 
West 2003) and southern Africa (du Preez et al. 1990). Annual losses to the US dairy industry from increased 51 
heat load have been estimated to be approximately US$897 million (St-Pierre et al. 2003). In Australia it has 52 
been estimated that a moderate production herd (25 L/d) may experience losses of 59 to 461 L·cow-1·year-1 53 
depending on the management strategies employed (Mayer et al. 1999). 54 
In dairies heat load is usually managed by the use of shade, fans, sprinklers or various combinations of 55 
these (West 2003; Chen et al. 2015). It is well known that the application of water (in association with adequate 56 
air flow) will reduce body temperature, respiration rates and will minimise reductions in feed intake and milk 57 
yield during periods of hot weather (Flamenbaum et al. 1986; Means et al. 1992; Chen et al. 2013; Chen et al. 58 
2015). In many instances shade is the most economical option for reducing heat load. Shade will reduce the 59 
impact of solar load (Bond et al. 1967; Curtis 1983), but has little impact on air temperature. Therefore other 60 
strategies such as the use of fans and water application are required. Water is a limited resource in many regions 61 
worldwide and therefore there is a need to investigate options which will limit water application whilst 62 
maintaining production and welfare of dairy cows. The amount of water required to effectively cool cows is 63 
affected by the severity of heat load to which cows are exposed, cow productivity, ventilation and airflow over 64 
the cows. There is large variation in published water usage for cooling cows. Means et al. (1992) reported that 65 
there were no differences in performance of cows wetted with either: 215 L·cow-1·day-1, 321 L/cow/d or 456 66 
L·cow-1·day-1. Using a 5 × 570 L daily water application on 24 cows, Flamenbaum et al. (1986) reported a total 67 
water use of 2850 L or 118 L·cow-1·day-1. More recently Chen et al. (2015) reported that water application of 68 
1.3 L/min was sufficient to cool cows in a hot dry environment when an intermittent spray schedule was used.  69 
Much of the published work regarding cooling strategies for dairy cows has focused on cows housed in 70 
feedlots or barns. Relatively few studies (e.g. Davison et al. 1988; Valtorta and Gallardo 2004; Tucker et al. 71 
2008; Schütz et al. 2014) have investigated cooling options for cows that are largely pasture based. Determining 72 
the optimal cooling system is a function of infrastructure costs, running cost, available resources (electricity and 73 
water) and location. The primary objective of this experiment was to determine the effects on milk production 74 
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and milk quality when different types of shade structures, sprinklers and combinations of shade and sprinklers 75 
were applied to grazing lactating Holstein-Friesian cows during summer in a sub-tropical environment. The 76 
impact of these different heat-load management strategies on cow feed intake and thermal responses was also 77 
investigated.  78 
 79 
Materials and methods 80 
Treatments and animal management 81 
The experiment was conducted over a 92 day period during Australian summer (13 December to 16 March) at 82 
the Mutdapilly Research Station (latitude 27O 46’ S, longitude 152O 40’ E, elevation 40 m) located southwest of 83 
Brisbane, Australia. The Animal Ethics Committee of the Department of Agriculture, Fisheries and Forestry 84 
(Queensland) approved this experiment. All treatments had some form of heat-load alleviation to minimise 85 
negative animal welfare impacts. The climate at Mutdapilly is characterized as sub-tropical with hot wet 86 
summers and cool dry winters. The long term climate averages (30 + years) for the period December to March 87 
are: mean (of the four month period) maximum and minimum ambient temperature of 31.5 ± 1.2 oC and 17.8 ± 88 
1.2 oC respectively; mean relative humidity at 0900 h was 79.1 ± 7.7%; mean monthly rainfall was 95.9 ± 55.5 89 
mm.  90 
Seventy-eight lactating Holstein-Friesian cows were used in the study. Eighteen of these calved in the 91 
autumn (March and April) and 60 calved in spring (September and October). The cows were blocked by season 92 
of calving, parity, milk yield, live weight, and by the percentage of milk protein and milk fat in the 2 weeks 93 
prior to the start of the experiment. Within blocks the cows (n=13/treatment) randomly allocated to one of the 94 
following heat-load management treatment groups: 1. Open-sided corrugated iron roofed day pen adjacent to 95 
dairy + sprinklers (CID+SP); 2. CID only; 3. Non-shaded day pen adjacent to dairy + SP (NSD+SP); 4. Open–96 
sided shade cloth (Rheem Australia Pty Ltd, 65% solar block) roofed day pen adjacent to dairy (SCD); 5. NSD 97 
+ sprinkler (NSD+WSP); a 45 min sprinkler treatment at 1100 h at the dairy holding pen if mean respiration rate 98 
exceeded 80 breaths per minute; 6. Open-sided shade cloth (Rheem Australia Pty Ltd, 65% solar block) roofed 99 
structure over a feed bunk (feed bunk was shaded) in an improved pasture paddock (see below) + 1 km walk to 100 
and from the dairy (SCP+WLK). Cows in treatment groups 1, 2, 3, 4 and 6 had continuous access to the applied 101 
cooling throughout the day. The shade structure for treatment 6 was located in a day paddock 1 km from the 102 
dairy with a pen layout the same as the pens at the dairy. Each treatment pen (9.1 m wide × 13.1 m deep) 103 
provided a stocking rate of 9.17 m2/cow. Water was provided ad libitum via an unshaded round concrete water 104 
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trough located in the northern end of each treatment pen. Each water trough was metered and water usage was 105 
recorded daily at 1530 h. Shade (9.1 m × 8.3 m) was orientated east-west and provided a midday shade foot 106 
print of 5.81 m2/cow. The corrugated iron shade was provided by a gable roof structure with an open ridge vent. 107 
The structure was 2.40 m in height at low side and 3.25 m in height at the apex. The ridge vent opening was 350 108 
mm. 109 
In the shaded pens the shade was located across the southern end of the pen (over a feed bunk). In the 110 
sprinkler treatments the sprinklers were also located along the southern end of the pens. A concrete apron (1.8 111 
m) extended past the shade area and the remainder of the pen surface was dirt. Water only sprayed on the 112 
concreted area. Sprinklers for treatments CID+SP, NSD+SP cycled 2 min on, 12 min off when ambient 113 
temperature exceeded 26 oC (RCC-2; Rotem, Petach Tikva, Israel). The sprinklers for all sprinkler treatments 114 
(90o spray; 151 kPa pressure; 150 µm) were spaced 1.7 m apart (5 sprinklers/pen) and were 3.2 m above the pen 115 
surface. Each sprinkler delivered approximately 2 L/min. For the NSD+WSP treatment the sprinklers are as 116 
mentioned above but covered the entire dairy holding yard. The sprinkler output and droplet size at the dairy and 117 
within the treatment pens was sufficient to wet cattle to the skin. No forced air movement was used in any of the 118 
treatments. 119 
At 1530 h each day cows were walked to a shade cloth covered holding yard at the dairy for afternoon 120 
milking and at 1630 h the cows were taken as a single group to a night grazing paddock. At night the cows were 121 
offered approximately 12 kg DM/cow of a fresh strip of alfalfa (Medicago sativa) and Rhodes grass (Chloris 122 
gayana) pasture which contained approximately 80% alfalfa and 20% Rhodes grass on a DM basis. The cows 123 
were walked in from the pasture for milking at 0500 h each morning. Following milking the cows within each 124 
treatment (except SCP+WLK) were taken to their respective treatment pens, located approximately 100 m from 125 
the dairy. After milking the SCP+WLK cows walked to a day pasture located 1 km from the dairy. 126 
In each treatment pen cows had, while they were in their respective day time treatment locations, ad 127 
libitum access to a mixed ration (MR). The MR was formulated (RUMNUT v 3.0 ration formulation program) 128 
to provide 16% crude protein (CP), 10.1 MJ/kg ME and 35% neutral detergent fibre (NDF) on a dry matter 129 
basis. The MR (dry matter (DM) basis) was: corn silage, 22.3% (10.8 MJ/kg ME, 8.7% CP and 38.7% NDF); 130 
alfalfa hay, 35% (9.4 MJ/kg ME, 18.9% CP and 41.2% NDF %); sodium hydroxide treated sorghum, 13.5% 131 
(12.8 MJ/kg ME, 12.5% CP); cotton seed meal, 9% (12.2 MJ/kg ME, 45% CP); meat and bone meal, 9% (7.6 132 
MJ/kg ME, 58.4% CP) (the study was undertaken prior to the Australian banning of meat products in ruminant 133 
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diets); cane molasses, 9.4% (10.8 MJ/kg ME, 9.7% CP); magnesium oxide, 0.25%; urea, 1.5% and a vitamin 134 
and mineral premix, 0.005%.  135 
The quantity of MR offered and refused for each treatment group was recorded daily and samples of 136 
offered and refused feed were taken twice weekly to determine DM content. Also a weekly sample of the MR 137 
offered was obtained for chemical analyses. Pasture DM yields were monitored each week by cutting 10 × 0.25 138 
m2 quadrats and drying a sub-sample in a forced draught oven at 80 C for 24 h with a sample kept for chemical 139 
analyses. Over the duration of the experiment the nutrient content of the pasture on a DM basis averaged 10.6 140 
MJ ME/kg, 23.5% CP and 35.8% NDF. The MR averaged 9.8 MJ ME/kg, 16.6% CP, and 36% NDF. 141 
 142 
Climatic measurements 143 
The following weather parameters were recorded at 30 min intervals from an automated weather station (Esidata 144 
MK-3; Environdata Australia P/L, Warwick, Qld., Australia): ambient temperature, (°C; TA), relative humidity, 145 
(%; RH) and wind speed, (WS, m/s). Rainfall data was collected daily at 0900 h. The weather station was 146 
located in a laneway approximately 10 m from the treatment pens. The temperature humidity index (THI) was 147 
used to determine cow heat load and was calculated using the following equation (adapted from Thom, 1959): 148 
THI = {(0.8 × TA) + [RH × (TA – 14.3)] + 46.4}, where RH is in decimal form. 149 
 150 
Animal measurements 151 
Milk yield for each cow was recorded at the morning and afternoon milking. Milk samples from each cow were 152 
analysed for fat (%), lactose (%), protein (%) and somatic cell count (SCC) per mL of milk (Foss Milkoscan 153 
605; Foss Electric, Hillerod, Denmark) once a week using a combined sample from the morning and afternoon 154 
milking.  155 
Cow BW were obtained following the morning milking on day 1 (Wednesday at 0800 h) and then at 7 156 
day intervals throughout the experiment. Individual respiration rates (RR) and rectal temperatures (RT) of the 157 
cows were measured Monday to Thursday each week starting at 1330 h. The cows were walked within 158 
treatment groups (1 to 5) approximately 12 m to shaded individual feeding stalls. For treatment 6 (SCP+WLK) 159 
RR and RT were measured in the individual stalls after the 1 km walk from the paddock. Respiration rate was 160 
calculated by counting the numbers of breaths taken during 20 s and multiplied by 3. Rectal temperature was 161 
recorded using a digital thermometer placed 8 to 10 cm into the rectum. The measurement of RR and RT took 162 
approximately 1 min per animal. Cows were moved back to their respective treatment pens (apart from 163 
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SCP+WLK) after data was obtained. The SCP+WLK was the last group measured. The cows from this 164 
treatment and treatments 1 to 5 were then all moved to the dairy for the afternoon milking. 165 
Cows were inseminated with commercially available frozen-thawed semen from proven Holstein sires 166 
at the milking closest to 12 h after onset of oestrus. Pregnancy was diagnosed by manual (rectal palpation) and 167 
ultrasound (real-time, B-mode machine equipped with a 5 MHz, linear-array, intrarectal transducer; SSD, 500 168 
V, Aloka Co., Tokyo, Japan), 5 to 8 weeks after insemination. 169 
 170 
Statistical analyses 171 
All analyses were conducted using GenStat (2008). The statistical design was a randomised block (6 treatments × 172 
13 blocks). The variables were recorded on repeated occasions (daily or weekly) throughout the experiment. As 173 
these observations are not independent, split-plot ANOVAs were used, with the split level being for the relevant 174 
time factor. Here the treatment comparisons remain statistically valid, as the blocks of animals contribute the 175 
appropriate error term. A balanced allocation of animals to treatments was achieved, as none of the pre-trial 176 
measures were different between treatments (P > 0.05). Where appropriate and significant, these pre-trial 177 
measures were used as covariates in the analyses of trial data. Differences between means were determined by 178 
protected least significant difference (LSD) testing. Categorical data were tested via generalised linear models 179 
(McCullagh and Nelder 1989). 180 
Relationships between the animal response and meteorological variables were investigated via linear 181 
and nonlinear regression analyses, with the interaction between the independent variates and treatments being 182 
tested. THI was included, as animal responses have been shown to correlate better with this variable than with the 183 
base meteorological measures (Mayer et al. 1999). Similarly, the black-globe THI and wind speed, measured 184 
separately within each treatment, was included in these regression analyses. Due to animal differences (which had 185 
been accounted for by the blocks term in the ANOVA’s), stage of lactation was fitted first in the multiple regressions 186 
for milk yield. 187 
 188 
Results 189 
Observed maximum and minimum dry-bulb temperatures and mean THI’s during the experimental period which 190 
includes a 15 day heat stress period (defined as THI > 81 on 3 or more consecutive days) are summarised in 191 
Table 1. Over the 92 days of the experiment, mean daily milk, and component yields were higher (P < 0.05) for 192 
the two treatments that used corrugated iron shade with CID+SP the best compared with the other treatments, 193 
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while SCD and SCP+WLK were similar to NSD+SP and NSD+WSP had the lowest (P < 0.05) milk yield 194 
(Table 2). Fat, protein and lactose percentages were not affected (P > 0.05) by treatment. Somatic cell counts 195 
were not significantly different (P > 0.05) between treatments, and ranged from (163,000 cells/mL to 342 196 
cells/mL. Although not statistically significant the SCC of the CID+SP (163,000 cells/mL) was 52% lower than 197 
the worst performing treatment (SCD; 342,000 cells/mL) and 35% better than the second best performing 198 
treatment (SCP+WLK: 249,000 cells/mL). The highest (P < 0.05) MR intakes occurred in the CID+SP and CID 199 
treatments while intake was lowest (P < 0.05) for NSD+WSP and SCP+WLK. Over the duration of the study 200 
the RT and RR were lowest (P < 0.05) in the CID+SP treatment (38.9 ± 0.09 oC and 61.3 ± 2.8 breaths per 201 
minute: bpm) and greatest (P < 0.05) for the NSD+WSP treatment (40.1 ± 0.09 oC and 90.8 ± 2.8 bpm) (Figure 202 
1 and Figure 2). During the 15 day heat event RT and RR were lowest in the CID+SP treatment (39.0 ± 0.11 oC 203 
and 67.0 ± 3.8 bpm) and highest in the NSD+WSP treatment (41.0 ±11 oC and 119.0 ± 3.8 bpm).  During the 15 204 
day heat event RT and RR increased (P<0.05) for all treatments except CID+SP.  At the commencement of the 205 
study the mean BW (mean ± SE) of the cows was 544.0 ± 15.6 kg. There were no differences among treatments 206 
(P < 0.05) for weight change over the 92 d experimental period (Table 2). However the cows in the CID+SP 207 
group gained on average 21.6 kg/cow, and the SCP+WLK cows had virtually no change in BW. However, all 208 
groups lost weight during the 15 day heat event (Table 3), with the largest loss (P<0.05) occurring in the 209 
NSD+SP group (9.2 kg/cow). 210 
Pregnancy rates were higher (80%: P < 0.05) for the CID+SP group at the end of the 92 d experimental 211 
period compared to the other treatments. The treatments with no shade (NSD+SP and NSD+WSP) had the 212 
lowest pregnancy rates (20%), whereas the pregnancy rates of shade only treatments (CID, SCD, SCP+WLK) 213 
were approximately 47%.  214 
The observed animal responses were all correlated with the meteorological variables recorded. In 215 
particular, respiration rates and rectal temperatures were correlated with maximum ambient temperatures (r = 216 
0.74 and 0.76 respectively), and daily milk yield was negatively correlated with THI (r = -0.42). Modeling of the 217 
relationship between milk yield and THI demonstrated that the bent-stick relationship (with zero slope up until 218 
the fitted break-point) provided the best fit. Lagged multiple non-linear regressions with THI were subsequently 219 
investigated, with significant coefficients found for the direct (same-day) effect plus lags out to day 3. The final 220 
model for milk yield, with stage of lactation and heat-load management treatment interaction with THI for lags 221 
0 to 3 day inclusive, had an overall R2 of 80.5%.  222 
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The major contrast in these regressions was between what was considered the ‘best practice’ treatment 223 
(CID+SP) and all the other treatments. For milk yield, CID+SP showed no decline out to a THI fitted break 224 
point value of 83.2, whereas the pooled milk yield of the other treatments declined when THI was greater than 225 
80.7. The estimated rates of decline were similar, being 0.89 L·cow-1·day-1 per THI unit greater than the break 226 
point for CID+SP, and 0.92 L·cow-1·day-1 for the other treatments. Similar results were obtained for fat 227 
percentage with a flat response of 3.74% fat for THI values up to the bent stick break point of 83.8 for the CID + 228 
SP treatment and 82.4 for the others. Above these break points the rate of decline was the same; 0.04% fat for 229 
each THI unit above the respective break points. There were no relationships (P > 0.05) between protein and 230 
lactose percentage and THI. 231 
During the 15 day period of severe heat stress the mean THI was 84.7 (Table 1). Cows in the CID+SP 232 
group had a significantly lower (P < 0.05) mean rectal temperature and higher daily milk production (39 °C and 233 
22.9 L·cow-1·day-1, respectively) than cows in the other heat load management treatment groups (39.9 to 41.0 234 
°C and 17.6 to 20.8 L·cow-1·day-1, respectively, Table 3). 235 
 236 
Discussion 237 
The current experiment was conducted to evaluate the effects on milk production and cow physiology 238 
where cows were managed under a range of heat-load mitigation strategies which could be readily implemented 239 
on dairy farms in a sub-tropical environment. Although not significantly different the greater weight gain in the 240 
CID+SP cows could have biological significance. Changes in BW in lactating dairy cows provides an indication 241 
of a cow’s energy status, and it is well known that body weight and body condition score (not assessed here) 242 
have a significant influence on fertility. The weight gain and the higher pregnancy rate in the CID+SP group 243 
demonstrate the effectiveness of this strategy. Furthermore the overall milk yield of the CID+SP group was 2.9 244 
L·cow-1·day-1 greater than the worst treatment (NSD+WSP); over the 92 day experimental period this resulted in 245 
a greater overall milk yield of 267 L/cow in the CID+SP system. Not surprisingly, the treatment effects were 246 
most pronounced during the periods when THI ≥ 81, with CID+SP cows producing on average 5.3 L·cow-1·day-247 
1 more milk compared with the NSD+WSP cows. This is the first report comparing different cooling strategies 248 
to pasture fed cattle in a subtropical environment. The trends reported here need to be confirmed in systematic 249 
field studies. 250 
Rodriquez et al. (1985) reported that milk yield in Holstein cows decreased rapidly after daily 251 
maximum temperatures exceeded 29C, but did not quantify the magnitude of the effect. In a 33 day grazing 252 
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study Valtorta and Gallardo (2004) reported no differences (P > 0.05) in overall milk yield between shade only 253 
(22.14 L/d) and cows cooled with sprinklers + fans (23.18 L/d). However they did report that on days when THI 254 
≥ 72 MY of the cooled cows was 1.1 L·cow-1·day-1 greater (P > 0.05) than then non-cooled cows. Milk 255 
production in the current study were similar to that reported by Valtorta and Gallardo (2004). Production levels 256 
are likely to influence the negative effects of heat load on MY. Lees and Gaughan (2011) reported that although 257 
reductions in milk yield from grazing cows in a sub-tropical was a function of ambient conditions they were also 258 
a function of genetic capacity, with high production cows (MY = 35 L/d) being affected to a greater extent (-259 
2.24 L/d) than low production cows (MY = 20 L/d: -0.66 L/d), when exposed to high heat loads.  260 
 In the current study milk component percentages were not significantly affected by treatments, both 261 
overall and during the period of severe heat stress. Over the duration of the study the CID+SP cows had higher 262 
(P < 0.05) fat and protein yield compared with the other treatment groups, which is largely a reflection of the 263 
higher MY within this group.  264 
A significant linear decline in the protein and fat percentage in milk as ambient temperature increased 265 
from 8 to 37 C was reported by Rodriquez et al. (1985). This is in agreement with Bernabucci et al. (2002) who 266 
found that there was a reduction in milk protein during the summer months.  In contrast Ominski et al. (2002) 267 
found no difference in protein and fat percentage in milk when cows were exposed to either thermoneutral 268 
conditions or short-term heat stress. The results from the current experiment showed no treatment differences 269 
for protein and fat percent; however the trends were consistent with Rodriquez et al. (1985) in regards to 270 
percentage fat. In the current experiment overall milk fat was 7.2% greater (P > 0.05) in the CID+SP cows 271 
compared with the CID cows. However during the high heat load period the difference was 8.4%. Investigating 272 
cooling options in a free stall barn (fan, or fan + sprinklers) or paddock with limited cooling Lin et al. (1998) 273 
reported seasonal effects on milk fat and milk protein. Milk fat percentage was greater (11.2%) in the cooled 274 
cows with shade, fans and sprinklers compared with the controls (paddock + limited fan access). Improvements 275 
in milk protein (9%) and fat (4%) were reported by Valtorta and Gallardo (2004) when grazing cows were 276 
cooled before morning and afternoon milking. It is evident that summer conditions will result in a decrease in 277 
milk protein. The protein losses associated with summer can be somewhat offset by cooling. 278 
The difference between the mean rectal temperatures of the best and worst treatments in the present 279 
study of 1.2C was notably greater than the 0.2 C reported by Fuquay (1981) and the 0.5 oC difference reported 280 
by Chen et al. (2015) for cooled (water application) and non-cooled cows (no water application). The highest 281 
overall mean rectal temperature was 40.1 oC for the NSD+WSP treatment, and the lowest mean rectal 282 
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temperature was 38.9 oC in the CID+SP treatment. These values are close to those reported by Wolfenson et al. 283 
(1995) for non-cooled and cooled cows of 40.3 and 38.8 oC, and by Flamenbaum et al. (1995) at 39.7 and 38.6 284 
oC, respectively for non-cooled and cooled cows. The range reported by Chen et al. (2015) was 39.72 oC for 285 
non-cooled cows to 39.05 oC for cows cooled with water applied at 4.5 L/min. In the same study cows cooled 286 
with every 0.4 L/min had a rectal temperature drop of 0.4 oC relative to non-cooled cows. 287 
In the current study milk production was reduced on each day that THI was above the break point plus 288 
the following 3 days (a lag period). Similarly a 2 to 4 day lag period was reported by Lees and Gaughan (2011) 289 
for Holstein-Friesian grazing cows during periods of heat stress in a sub-tropical environment. Overall and 290 
somewhat surprisingly wind speed contributed very little to the regressions, either by itself or in addition to the 291 
other variables in the multiple regression analysis. 292 
The greater THI threshold observed in the current study may due to acclimation, but may also be a 293 
factor of the moderate milk yields of the cows. In the current study the THI bent stick break point values showed 294 
milk yield and fat % depression of 0.9 L/cow.d and 0.04% for each increase in THI > 81 which is considerably 295 
higher that the THI > 60 threshold reported by Brügemann et al. (2012) for cows in Germany.  The differences 296 
may be an indication that the Queensland cows are somewhat adapted to the hotter conditions to which they are 297 
typically exposed. The current study also demonstrated a higher THI break point for the coolest cows (CID+SP) 298 
of 2.5 and 1.4 THI units for milk yield and percentage fat, respectively, above the other treatments. The current 299 
study also demonstrated that solid shade (CID) is superior to partial shade provided by the shade cloth, which is 300 
in agreement with Gaughan et al. (1998). 301 
The fact that increasing heat load will reduce DMI of dairy cows is well documented (West, 2003), and 302 
the positive effects of cooling on the DMI of TMR fed cows is also well documented. However the effects on 303 
pasture DMI of cooled grazing cows has not been adequately studied. Measurement of PMR or TMR intake by 304 
dairy cows provides an insight into changes in DMI, but measurement of pasture intakes are not that easy to 305 
define. Relative to the whole of study MR intakes decreased during the heats stress period for all treatments. 306 
During the heat stress period the optimally cooled cows (CID+SP) had a MR reduction of 0.2 kg/d relative to 307 
whole of study, compared with 3.5 kg/d reduction for the SCP+WLK cows. On average, during the heat stress 308 
period all cows lost weight. It would be expected that the largest weight losses would occur within treatments 309 
with the largest reductions in MR intake (SCP+WLK). However this was not the case, and it may be that the 310 
reductions in MR were offset by increased grazing within this treatment, although this was not quantified. The 311 
treatment with greatest weight loss (NSD+SP; 4.6 kg/wk) had a 1.4 kg/d reduction in MR which was the lower 312 
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of all treatments except CID+SP. Clearly other factors are playing a role which highlights the need for more 313 
work in this area. 314 
The SCC differences although not significantly different between treatments tended to show that the 315 
cows in the treatments which had the greatest impact on reducing heat load had the lowest SCC.  316 
Managing cows during the day in an appropriately designed solid shaded pen close to dairy minimises 317 
the impact of walking in hot environmental conditions, and when combined with automated sprinkling will 318 
provide the most effective control of heat-load in sub-tropical-tropical dairying areas.  319 
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 423 
Table 1 Mean maximum dry-bulb temperature (TAMax; oC), TAMax range, mean minimum dry-bulb temperature 424 
(TAMin; oC), TAMin range, mean relative humidity (RH, %), mean temperature humidity index (THI) and THI 425 
range over the duration of the experiment (92 day; whole of experiment) and for a 15 day heat stress period.1  426 
 TAMax, ºC  TAMin, ºC RH, % THI 
Whole of experiment  30.6 ± 8.2 
(22.9 to 38.8) 
17.9 ± 6.5 
(11.3 to 24.1) 
64.8 ± 24.1 
(36.0 to 100.0) 
78.8 ± 7.8 
(72.1 to 89.2) 
Heat stress period   35.5 
(32.6 to 38.8) 
21.4 
(19.7 to 24.1) 
63.8 
(42.0 to 100.0) 
84.7 
(81.7 to 89.2) 
1Heat stress period: defined as THI > 81 on 3 or more consecutive days.427 
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Table 2 Effect of six cooling strategiesA on milk yield, milk composition, somatic cell count (SCC), mixed 428 
ration (MR) intake, water intake (WI), BW change, respiration rate (RR; breaths per min), rectal temperature 429 
(RT), percent eating (EAT), and percent ruminating (RUM) of lactating dairy cows over a 92 day period. 430 
 CID CID+SP NSD+SP SCD NSD+WSP SCP+WLK SE 
Milk, L/d  23.5ab 24.2a 22.5bc 22.5bc 21.3c 22.3bc 0.52 
Fat, % 3.63 3.91 3.73 3.58 3.85 3.77 0.08 
Fat, kg/d 0.85b 0.94a 0.84b 0.80b 0.83b 0.83b 0.02 
Protein, % 2.99 3.01 3.00 2.98 3.00 3.00 0.03 
Protein, kg/d 0.70ab 0.72a 0.67bc 0.66bc 0.65c 0.67bc 0.02 
Lactose, % 4.87 4.89 4.90 4.90 4.88 4.84 0.03 
Lactose, kg/d 1.14a 1.17a 1.10ab 1.11ab 1.05b 1.08b 0.03 
SCC, 000/mL 294 163 290 342 266 249 76.7 
MR intake, kg/d 14.6a 14.9a 13.7b 13.6bc 13.4cd 12.7d 0.1 
BW change, kg/wk 0.81 1.66 0.75 1.41 0.40 -0.07 0.62 
WI, L/d 72.0a 68.5b 77.6c 62.5d 66.5bf 65.8f 0.9 
RR, bpm 70.3b 61.3c 73.1b 71.0b 90.8a 85.1a 2.8 
RT, ºC 39.2c 38.9d 39.4bc 39.5b 40.1a 40.0a 0.09 
EAT, % 33.1a 30.1b 23.7c 35.1a 22.7c 22.3c 1.8 
RUM,% 10.4a 8.6a 18.8b 9.8a 12.3ca 18.2bc 1.54 
ACorrugated iron shade only (CID); Corrugated iron shade and sprinklers (CID+SP); No shade with sprinklers (NSD+SP); 431 
Shade cloth (SCD) (Rheem Australia Pty Ltd, 65% solar block); No shade but managed (NSD+WSP); cows were assessed at 432 
1100 h and if mean respiration rate exceeded 80 breaths per minute the cows were walked 100 m to the dairy and sprinkled 433 
continuously for 45 min and then returned to their day treatment pen; Shade cloth (Rheem Australia Pty Ltd, 65% solar 434 
block) and a 2 km return walk to the milking shed between morning and afternoon milking (SCP+WLK). Within rows, 435 
means with common super-scripts do not differ (P>0.05). 436 
437 
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Table 3 Effect of six cooling strategiesA on milk yield (kg), milk composition (% and kg), somatic cell count 438 
(SCC: 1000/mL), mixed ration (MR) intake (kg/d), water intake (WI, L/d), BW change (kg), respiration rate 439 
(RR; breaths per min) and rectal temperature (RT, oC) of lactating dairy cows over a 15 day period of severe 440 
heat stress (defined as THI > 81 on 3 or more consecutive days).  441 
 CID CID+SP NSD+SP SCD NSD+WSP SCP+WLK SE 
Milk, L/d 20.8b 22.9a 20.0b 19.6b 17.6c 19.4bc 0.71 
Fat, % 3.49 3.81 3.48 3.43 3.66 3.78 0.13 
Fat, kg/d 0.72b 0.86a 0.69b 0.66b 0.65b 0.72b 0.03 
Protein, % 2.85 2.94 2.88 2.86 2.83 2.85 0.04 
Protein, kg/d 0.59b 0.66a 0.57b 0.55bc 0.51c 0.55bc 0.02 
Lactose, % 4.78 4.87 4.88 4.87 4.81 4.81 0.04 
Lactose, kg/d 1.00b 1.11a 0.97b 0.96b 0.85c 0.93bc 0.04 
SCC, 000/mL 255 153 339 464 382 201 143 
MR intake, kg/d 12.8b 14.7a 12.3b 11.7c 11.2c 9.2d 0.2 
WI, L/d  74.1a  66.8b 79.8a     56.0c     59.1c   53.7c     2.2 
BW change, kg/wk -1.3a -0.6a -4.6b -1.3a -2.2ab -0.4a 0.89 
RR, bpm 95bc 67d 92c 97bc 119a 103b 3.8 
RT, ºC 39.9c 39.0d 40.1c 40.5b 41.0a 40.7ab 0.11 
ACorrugated iron shade only (CID); Corrugated iron shade and sprinklers (CID+SP); No shade with sprinklers (NSD+SP); 442 
Shade cloth (SCD) (Rheem Australia Pty Ltd, 65% solar block); No shade but managed (NSD+WSP); cows were assessed at 443 
1100 h and if mean respiration rate exceeded 80 breaths per minute the cows were walked 100 m to the dairy and sprinkled 444 
continuously for 45 min and then returned to their day treatment pen; Shade cloth (Rheem Australia Pty Ltd, 65% solar 445 
block) and a 2 km return walk to the milking shed between morning and afternoon milking (SCP+WLK). Within rows, 446 
means with common super-scripts do not differ (P>0.05). 447 
  448 
 449 
450 
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 451 
 452 
Figure 1. Mean rectal temperature (oC) for all of the experiment (light grey bars) and during the heat event (dark grey bars). 453 
The within treatment rectal temperatures during all of experiment and during the heat event differ (P<0.05) for all treatments 454 
except CID+SP.  455 
 456 
 457 
 458 
 459 
 460 
461 
  
 
19  
Figure 2. Mean respiration rates (breaths per minute: bpm) for all of the experiment (light grey bars) and during the heat 462 
event (dark grey bars). The within treatment respiration rates during all of experiment and during the heat event differ 463 
(P<0.05) for all treatments except CID+SP. 464 
 465 
 466 
 467 
 468 
